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-tiBS  lie  *■  OT 

The  recent  direct  determinations  of  the  energy  of  dissociation 
of  ClF  into  atoms  necessitates  a  nev/  value  for  the  energy  of 
dissociation  of  the  Fluorine  Molecule.  It  is  shown  that  the  new  value 
of  D(F2)  =  32*6  k. cals/mol.  is  qualitatively  supported  by  bond  energies 
and  bond  distances  in  certain  compounds  and  a  possible  reason  for  this 
vory  low  energy  is  suggested.  This  new  value  loads  to  considerable 
changes  in  the  value  of  D(HF)  and  the  strength  of  the  curb  on- fluorine 
bond  in  CFg#  Suggestions  for  further  work  to  confirm  this  new  value 
are  made. 


UNCLASSIFIED 


1.  Introduction 

Whilst  siaking  an  assessment  of  the  use  of  Fluorine  and  its 
compounds  in  the  field  of  rocket  propellants,  a  brief  survey  of  the 
thermochemistry  of  fluorine  was  undertaken.  The  previously  accepted 
values  are  reasonably  self-consistent  as  can  be  seen  from  the  following 

i  F2  D(F2) 

HF  *  i  F2  +  ix?  +  A  Hf^gj  (HF) 

fej*.!  _ : 

HF  4  H  +  F  -w^A  Hf°  (HF)  -  £d(F2)  -  D(H2)  j 

Thus  D(HF)  =  4d(F2)  +  &)(H2)  ~  A  Hf/„\(HF).  (The  sign  conventions 
adopted  arc  given  in  the  appendix. 


The  previously  accepted  values  (1)  for  these  quantities  arc 
D(F2)  =  64.5  k. cals/mol  DfHg)  =  103*2  k. cals/ml  and  A  Hf?g)  (HF)  =  -64*2 
k.cals/mol, (of  which  the  value  for  D(H2)  is  quite  certain;,  thus  D (HF; ; 
calculated  from  the  above  oquation,  is  I48  k.oals/mol.  This  value  is  "a 
little  higher  than  the  value  of  140  k.cal/mol  obtained  by  a  linear  Birgo- 
Sponer  extrapolation  of  the  vibrational  levels  of  the  ground  state  which 
is  rather  surprising  (vide  infra),  but,  since  the  bond  in  HF  is  not 
purely  covalent,  too  much  weight  could  not  bo  placed  on  this  extrapolation 
and  the  figure  of  148  k,  cals/mol.  was  acccptod  (o.g.  Horzberg  (2)). 


The  value  of  D(dF)  can  be  obtained  as  follows 


GIF  =  ici2  +  iF2  +  A  Hf(g)  (df ) 


koz  =  01  -jD(ca2) 


ClF  =  &  +  F  +L  AHf(g)(C1P)  "  k>(d2)  “  k>(F2)  j 


The  value  for  D(d2)  is  58.02  k.-  c  al g/mol. r  and  the.. previously 
accepted  value  for  A  Hf9K;  (ClF),  given  by  Ruff  and  iu.enzel  (5),  is  -25.7 
k.cals/mol.  From  these  iigures  we  get  a  value  of  D(dF)  of  87.0  k. cals/mol. 
Recently,  however,  new  experimental  values  for  D(clF)  of  about  60  k.cals/mol. 
and  for  A  Hf/  v  (ClF)  of  about  -15  k.cals/mol.  have  been  obtained  and  thus 
it  is  clear  xHit  a  critical  consideration  of  all  tills  dat=-  must  be  under¬ 
taken. 


2.  The  value  of  p  (F '2) 


The  value  accepted  by  liar  zb  erg  (2;  for  D(F2)  is  2.8  c.V./mol.  i.c. 
64.5  k. cals/mol.  The  absorption  spectra  of  Fluorine  shows  no  banded 
structure  and  thus  it  is  not  possible  to  find  D(F2)  from  a  convergence 
limit.  'Jarteribcrg,  Sprengor  and  Taylor  (4)  compared  the  wavelengths  of 
the  maxima  in  the  absorption  spectra  of  the  halogens  with  the  values  for 
the  energies  of  dissociation  and  obtained  a  value  d(F2)  =  63.3.  This 
method  has  no  theoretical  basis  and  the  figure  was  accepted  boce.usc  it 
seemed  to  fit  ir.  with  the  D  values  (referred  to  0k)  of  the  other  hivlogens 
vizi¬ 


rs  35*55  k.cals/mol. 
=  45*44  1c.  cals/inpl . 

=  57*  08  k.cols/mol. 


/Bo dens to in 


Bo&enstein,  Jockusch  and  Shing  Hou  Chong  (5)  have  repeated  the  work 
on  the  absorption  spectra  and  have  slightly  modified  the  results  of 
ffarteriberg  et  alia  (4)  on  the  position  of  the  absorption  maximum  of  fluorine. 

4  value  of  D(Fp)  =70-1  k.  cals/mol.  v/as  obtained  but  again  by  an  extra¬ 
polation  which  is  theoretically  unjustifiable. 

Gaydon  (6)  refers  to  some  measurements  by  Desai  (7)  in  which  tho  long 
wave  absorption  limits  of  LiF,  HaF  and  KP  were  measured.  These,  v/hen 
combined  with  recent  thermochemical  measurements,  give  values  for  D(?2)  °f 
24,  48  &nd  62  lc. oals/mol.  respectively  (Dosai  gave  D(F2)  =  76  k.cals/mol. 
but  this  is  based  on  discredited  thermal  data).  Finally,  Lederle  (b)  gives 
a  value  of  d(F2)  =  66.8  k. cals/mol.  from  an  extrapolation  of  electron 
affinity  data. 

It  is  clear  that  the  previously  accepted  value  of  D(F2)  =  64.5  k. cals/fool, 
is  not  reliable;  the  work  of  Desai  suggests  the  possibility  of  lower  values. 

3*  The  Heat  of  Foliation  of  IDT 

The  measurement  of  the  heat  of  formation  of  HP  is  a  reliable  one,  the  * 

early  figures  being  due  to  Warteriberg  and  Fitzner  (9)  and  Ruff  and  Laas  (IQ).  i 

Tho  thermal  data  must  be  corrected  for  the  polymerisation  of  HF  in  the  vapour 
phase  (sec  Simons  and  Hildebrand  (11).  Ruff  and  Mena  el  (3)  and  Bonosi  and  » 

Smyth  (12)) but  this  correction  is  small.  Wartonborg  and  Schulz a  (13)  have 
carried  out  measure ments  at  100°C  and  have  obtained  a  value  which  is  very 
close  to  the  previous  ones.  Recently  Wartonborg  (14)  has  slightly  modified 
this  value  end  finds  A  Hf^g)  ~  64. 5  ~  0. 2  k.cals/mol.  Wo  shall  take  tho 
values  given  in  Ref.  1  viz:- 

A  =  -64.2  k. cals/mol.  Rcf.l  also  gives  AHffe'i  =  -426.0  k. cals/mol. 

{S)  for  (HF)6, 

from  which  it  can  be  seen  that  any  corrections  for  polymerisation  are  small. 

4.  The  value__o_f  B(plF) 

It  was  shown  in  the  Introduction  that,  with  the  previously  accepted 
values  for  D(F2)»  D(d2)  and  AHf9  \(HF),  the  value  of  C(0lF)  was  87.0 
k, cals/mol.  Recently,  however,  tne 'absorption  spectrum  of  ClF  has  been 
examined  and  a  band  system  found  which  exhibits  a  very  clear  convergence 
limit.  Wahrhaftig  (15)  has  obtained  in  this  way  the  value  D(ClF)  =^6o.31 
k.cals/mol.  and  Schmitz  and  Schumacher  (16),  the  value  D(ClF)  =  60.3 
±  0.5  k. cal/mol.  Both  authors  assume  that  dissociation  produces  an  excited 
fluorine  atom  (in  2p>  state)  with  an  excitation  energy  of  1.1b  k.cels/4.tom. 

Tlicro  may  thus  be  some  uncertainty  as  to  the  state  of  the  atoms  formed  on 
dissociation  but  this  cannot  lead  to  an  error  greater  than  1  or  2  k.eaXs/iiol. 

We  shall  accept  this  value  D(dF)  =  60.3  k. oals/mol.  as  docs  Gaydon  (bj. 

5.  Tho  Heat  0 f  F oimn t ion  of  GIF 

Frodenhagen  end  Krefft  (17 j  estimated  by  c.  comparison  of  the  heat 
evolved  in  the  reactions  between  Cl 2  +  F2  "rid  H2  +  F2  that  the  heat  of  the 
former  reaction  was  not  loss  than  22  cals/mol. 

(i.g.  -w'-Hf^g)  (C1F)>22  k.cals/mol. ). 

The  reaction  is  certainly  exothermic  and  often  occurs  explosively. 

Ruff  ana  Laas  (10)  measured  the  heat  evolved  in  the  reaction 

ClF  +  Hg  "*  hCL  +  HF  +  58.6  k.  cals 
which  gives  a  value  of  A  ^f(g)  (ClF)  =  -27.5  k.cals/mol. 

/Recently 
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Recently  Schmitz  end  Schumacher  (18)  obtained  a  value  of  Hf?_\  (ClF) 

=  -15.0  -0.6  k.  cals/mol.  from  the  heat  change  in  the  following  reactions 

NaCl  +  ?F2  ?  NaP  +  /d2  +  39.5  *  0.5  k.  ceils 

V  NaP +,J$-Z ,+  ,?4* 5_  *  O.IJCbCoJjb 

/d2  +  i^2  ■*  Q1.F  +  15*0  -  0,6  k*cals 

Wicke  (19),  in  the  course  of  a  discussion  on  the  bond  energies  of  fluorine 
compounds,  mentions  that  he  has  determined  the  value  of  AHf/  \  (dp)  = 

“11.6  -  0-.4  k,cals/mol,  by  direct  combination  of  the  elements®Dut  does 
not  give  details. 

These  recent  values  are  quite  incompatible  with  that  of  Ruff  and 
Laas  (10)  (  AHf?'!  ( ClF )  -  -27.5  k.cals/mol.)  and  fa.vour  a  distinctly  lover 

value  for  Anf9  \\ClF).  We  shall  therefore  accept  the  value  of  A  Hf?  , (ClP)  = 
-15.0  i  0.6  k.cals/mol.  although  it  has  been  stated  (2o)  that  the  rciction 
between  F2  end  NaCl  is  difficult  to  initiate  and  maintain. 

6.  Reconsideration  of  the  value  for  D^g/juid  d(HF) 

For  the  purpose  of  discussion  we  shall  accept  the  following  values  viz:- 


D(C1P) 
AHf°(g)(clF) 
A  Hf^g)  (HP) 

d(ci2) 

d(h2) 


=  60.3  k.cals/mol. 

*  15.0  "  " 

=  64.2  "  " 

=  57.2  "  " 

=103. 2  "  " 


With  these  we  can  determine  the  value  of  0^2)  as  follows 
ClF  5  Cl  +  P  -  60.3  k.cals 

co.  *  /oi2  +  29.0  " 

/ci 2  +  /p2  cip  +  15.0  " 

/p2  i  P  -  16.3  11 

thu3  D(Pn)  =32.6  k. cals/mol.  It  should  be  noticed  that  the  value  of 
Ruff  and  Laas  (lo)  of  AHf9_\  (dF)  =  -27.5  k.cals/mol.  is  quite  impossible 
if  we  accept  D(ClP)  =  60 is  then  D(P2)  =7.6  k.cals/mol.  On  the  other 
hand  a  value  of  -AHf9p>(ClF  <15  k.  cals/mol.  is  extremely  unlikely 
as  CUP  is  a  stable,  although  very  reactive  compound,  and  its  formation 
f*rom  its  elements  can  be  mildly  explosive.  We  arc  thus  led  to  the  conclusion 
that  if  d(c1f)  =  6o.3  k.cals/mol.  a  low  value  for  D(P2)  must  be  accepted. 


From  the  equations 


■Z  2N0  +  51. 6  k.  oals 

*  ho  +  16.3  " 


H 

F  *  iP2 

hz  +  hz  i 


H  +  F  HF  +  132.1  ” 

we  obtain  a  value  of  D(HF)  =  132.1  k. cals/mol.  Gaydon  (6)  has  compared 
the  spectroscopic  values  with  the  thermochemical  value  s  of  D (HX) ,  where 
X  is  a  halogen.  The  spectroscopic  values  were  obtained  by  a  linear 
Birge-Sponcr  extrapolation  and  arc  compared  with  the  thermochemical  values 


/in 
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in  the  following  Table.  The  thcruochcmical  values  were  obtained  frc:/i 
A  (HX)  (direct  measurement)  and  D(X2)  and  D^)  derived  from  reliable 

spectroscopic  sioasure monts . 


aaisjc 


Molecule 


HI 

HBr 

HCl 

HP 


Thermo  chemical 

71.5 
87.4 


D_(HX). 


Spectro^sco’pic 

96.8 

110.7 


102.3 
148  (a  i 
132  (bj 


124.5 

138.3 


I  „ 


I 


(a)  previously  accepted  value 
(bj  value  preferred  in  this  note 


It  will  be  noted  that  the  spectroscopic  values  (linear  Eirge-Sponer 
extrapolation)  are  higher  tnan  the  true  values  for  HI;  HBr  and  HCl. 
Surprisingly  the  old  value  for  D(HF)  =  148  k* cals/ mol .  was  higher  than  tne 
extrapolated  figure.  The  value  of  D(ffi?)  =  132  k. cals/.flol  ^hus  brings  HP 
into  line  with  the  other  hydrogen  halides.  This  is,  unfortunately,  not 
conclusive  as,  in  some  cases,  the  linear  extrapolation  gives  values  lower 
than  the  true  ones  (Ref.6.Ch. V)  but  it  is  indicative  as,  in  general,  tho 
extrapolated  are  higher  than  the  true  values. 

There  is  independent  support  for  the  lower  value  of  D(F2)  in  tho  bcnd 
distances  of  certain  bonds,  pauling  (21)  quotes  0.64a  as  the  bond  radius 
of  covalent  fluorine  and  this  should  lead  to  values  of  1. 28a  for  the  F~P 
bond  and  1.304  for  tho  F-0  bond.  The  values  actually  found  ore  1.435a  for 
F-F  (Ref. 24)  in  F?)  1.414  for  C-F  in  F20,  and  1.42a  for  0-F  in  FCNOg 
(Ref, ZL.p.166).  On  the  other  hand  tho  values  for  HF  (calculated 
measured  0.924)  aadi  Gg®1  ((oalaulattedl  I.£5Ay  naasured:  1..63&-),  a-grfee 'very  well. 
S^mia 'figures  Jdor^.bond  isnfSbgle^.  'are)  given  ih^ble1  Ipl £  "the  difference ; 

ijiiitond  iinorgy;  bntweim  'fcdhids  iiFith  F  ^and-iol. 


T..ECE  H 


- - - — — — 

- r 

h-f  132.1 

F-F 

H-Cl  102.7 

F-01 

A  +  29.4 

A 

■  -  -  <  *  t  *  . 

-  - 

Ol-F 

Cl-Clj 

| 

.  _  _ „fc •  /  *  »  —  -  - 

f 

4  .  ti*-*  *  +  ■  ..... 

,  ,  j. 

“I 


— 

t  w-T 


c-F  88.0  *  N-F  53*9  (65.2) 
C-Cl  66.5  :  N-ca  58.4  (46.2} 


4  -27.7  f  A  +  21.5 


3  *  T  *  t  \ 


r 


A  +  15.5  (19.0) 


.  J  (T 


0-F  42.85 
0-C1  49.3 


A  -6.5 


S-F  68.85 
S-Cl  66.1 


A  +  2.75 


The  values  given  in  Tabic  II  agree  with  those  of  Pauling  (21)  and 
Skinner  (26)  when  the  Pauling -Skinner  values  are  corrected  for  the  new 

/value 
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value  of  d(P2)*  The  values  for  N-F  and  N-Cl  in  "brackets  are  those 
preferred  by  Skinner.  If  we  now  compare  these  figures  with  the  values 
of  the  bond  radii  given  by  Pauling  (21.  p.l64) ,  the  results  in  the  following 
table  are  obtained. 

TuBLE  HI 


{" . 

[  Bond 


1 


a  —  !  H 

Bond  radius  i  C*30 


_A=(/-F)-U-Cl)  ,  +29.4 
r  calc.)  .94 


iJ 


r  exp. 


F 

0 

N 

.  r-.P  ' 

J 

0.64 

■'***-“ 

0.66 

•  ~  -  f  •  *  -| 

0.70 

-27.7  ; 

»  -6.5 

r  ■  '  -  '  - 

.  A5A. 

•■’T 

0  I 

i 

-  -  } 

„  i 


Cl 


Si 


0.99  '  1.04*  1.174  ■ 


t 


;  i 

1.28  ;  1.30  I 


i  .92  ,  1.435'  1.42  \  - 

_ i _ i _ L —  J  - 


1.41  ;  1.65 
1.36-  :  1.63 


1.31 


-  .  1.54  ' 

J _ ! . t _ I 


x  in  CF> 


In  this  Table,  and  the  preceding  one,  4  is  the  difference  in  bond 
energy  between  iJ?  and  ..cl.  With  the  exception  of  HF,  it  can  be  soon  that 
tho  value  of  A  increases  with  increase  jgthe  s^ge^f  *.  (i.c.  covalent 
bond  radius)  and  that  the  larger  A  is  the  /■difference  between  the  calculated 
and  experimental  bond  distance.  ..t  first  sight  it  might  be  imagined  that 
fluorine  would  form  stronger  bonds  than  chlorine  in  corresponding  compounds 
on  account  of  its  greater  electronegativity.  Pauling  (21, p.225  ot  soq. )  has 
discussed  this  question  and  shown  that  the  greater  electronegativity  of  * 
fluorine  might  lead  to  greater  double  bond  contribution  with  fluorine  compounds, 
than  .iwi  th  "chlorine  compounds  a  The  marked  [difference  between  -the  bond  Strengths 
of  td-Cl^and  IS ±-Sl -compared  withdC-F  and  Si— F  is  probably,- ddbete  this  c£Uhe** 
However,  Walsh  (25)  has  pointed  out  that,  in  bonds  between  small  atoms,  a 
large  electronegativity  in  one  of  the  atoms  my  lead  to  repulsion  between  the 
bonding  electrons  and  other  electron  orbitals  and  it  is  suggested  that  this 
is  the  cause  of  the  unexpectedly  low  bond  strengths  of  F-F  and  F-0.  These 
conclusions  are  also  supported  by  the  differences  in  calculated  and  measured 
bond  distances.  Tho  fact  that  H-F  has  the  expected  high  bond  strength  may 
be  ascribed  to  the  fact  that  there  is  no  other  electron  orbital  in  tho  H 
atom  to  lead  to  a  repulsive  force  which  would  reduce  tho  bond  strength. 

Thus  consideration  of  bond  distances  and  bond  strength  qualitatively  supports 
the  new  low  value  of  d(F2)  =  52.6  k. cals/ mol. 

There  is  one  other  indication  of  a  low  energy  of  dissociation  of 
Fluorine.  Stacey  (30)  makes  the  following  statement,  under  normal 

conditions  of  temperature  and  pressure,  gaseous  fluorine  acts  in  the  form 
of  molecular  fluorine  but  at  higher  temperatures  and  particularly  when 
released  from  UFg,  ^Fg  an<5  C0F3 ,  it  reacts  atomically. . .  •  " 

7.  ThejStrcngth  of  the  C-F  Bond 

Pauling  (21)  gives  a  value  of  107  k.cals  for  the  strongtheof  tho 
carbon-fluorine  bond.  This  is  based  on  a  heat  of  sublimation  of  carbon 
of  124.3  k, cals/mol.  and  the  value  D(Fo)  -  63.5  k.cals/mol.  Ho  shows  that 
this  agrees  well  with  other  thermocho ..ricol  data.  Skinner  (26)  gives  a 
sliohtly  different  v.-iuc  of  103*75  k.cals/mol.  The  heat  of  forme. t ion  o 
CF,,  given  in  Rcf.l,  is  -  (CF,)  =  lo2.5  k. cals/mo  .  Tnis,  >a_n  0 

value  of  124.3  k. cals/mol.  f<4r  the  neat  of  sublimation  of  carbon  and  the 
now  value  of  D(F?)  =  32.6  k.cals/mol.,  leads  to  a  value  for  the  oond 
strength  of  C-F  of  33.0  k.cals/mol.  Further,  from  the  value  of  - 
-A  Hf^g)  (C2F6)  =  2^°  k.cals/mol.  (1)  and  the  vc.luc  of  tho  C-C  bond,  given 
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by  Pauling  (21)  as  $£>,6  k* cals/mol. a  value  for  the  carbon- fluorine  bond 
strength  of  88.0  k.cals  is  obtained.  Thus  the  values  ore  consistent.  There 
are,  however,  difficulties.  Firstly  the  bond  strength  of  tilt,  c:.rb  on-hydro  gen 
bond  is  37.3  k.cals  (21)  or  87.75  k.cals  (26)  which  is  almost  the  so.no  value 
as  that  for  C-F.  G?^  is  said  to  be  stable  at  temperatures  of  the  ogder  of 
100G°C  (22)  whereas  CH^  breaks  down  into  carbon  end  hydrogen  at  120C'  C  (27). 
fhi3,  however,  my  not  bo  a  serious  objection  as,  even  if  CF,  wort  thermally 
dissociated  at  1200°C,  it  would  almost  certainly  be  formed  again  on  cooling, 
unless  special  precautions  were  taken  c.g.  pyrolysis  in  an  atmosphere  of 
hydrogen  when  HP  would  probably  be  formed.  It  is  unlikely  that  GEL  would  bo 
re-formed  so  easily.  In  any  case,  there  is  no  direct  correlation  between 
ther.iio  oho  meal  bond  energies  and  the  energies  nccesjary  to  break  bonds  in 
polyatomic  molecules. 

The  second  difficulty  is,  hoi, /ever,  more  weighty.  Jc  have  3hown  that 
the  bond  strength  of  c-P  in  C2Fg  is  38.0  k.cals  if  the  C-C  bond  strength  is 

58.6  k.cals.  Brockway  (23)  has  shown  that  the  C-C  bond  distance  in  CgPg  is 
1.45«.  as  compared  with  that  of  1.544  in  C2H6.  This  must  mean  that  the  C-C 
bond  is  much  stronger  in  hexafluor ethane  than  in  ethane.  This  seems  probable 

in  view  of  the  well  established  greater  thermal  stability  of  fully  fluorinatod  < 

hydrocarbons  in  comparison  with  normal  hydrocarbons  but  is  incompatible  with 
the  hoats  of  formation  quoted  above.  It  should  be  noted  that  the  selection  of 
another  value  for  the  heat  of  sublimation  of  carbon,  e.g.  170  k. cal s/qr. atom, 
will  not  alter  this  situation.  In  this  case  the  bond  energies  become:-  C-H  = 

98.7  k. cals  ,  C— P  —  99.4  k. cals,  C— C  =  81  k. cals* 

Wicka  (19)  has  quoted  a  value  for  -dHf*/  \  (O’* ^.)  =  231  -  3  k.cals/mol. 

This  i3  stated  to  bo  unpublished  work  of  v.War'ceriberg  but  no  details  aro  given. 

This  now  value  leads  to  a  bond  energy  of  105*3  k.culs  for  the  C-P  bond  which 

is,  however,  quite  incompatible  with  the  value  of  240  k*cals/mol.  for 
-  AHf^g)  (CgP6). 

Thus,  to  sum  up,  the  values  for  the  hoats  of  formation  of  CFg 
C->Fk  load  to  a  value  for  the  strength  of  the  C-P  bond  which  may  be  acccptabl’; 

but  do  os  not  explain  the  considerable  shortening  of  the  C**C  bond  in  CoFf  and 

tha  greater  thermal  stability  of  fluorinatod  hydrocarbons  compared  with  normal 
hydrocarbons.  .*  smell  increase  in  the  value  of  -  dHf^p)  (CgFg)  would  bo 
sufficient,  however,  to  give  a  noteworthy  increase  in  the  C-C  bond  strength 
in  C2P6  0-8-  a  valuo  of  -  6  Hf/  \  (C2Fg)  =  250  k. cals/mol.  would  give  a  value 
for  the  C-C  bond  of  68.4  k.caig; 

8.  Recommendations 

In  the  data  so  fcjr  discussed,  it  has  been  seen  that  the  new  value  for 
D(p2)  explains  some  old  facts  but  leads  to  difficulties  with  the  heat  of 
formation  of  C2F£).  There  is,  however,  one  other  difficulty.  Fluorine 
vapour  shows  no  band  structure  in  the  visible  spectrum  according  to  Gay don 
(6),  although  bonds  have  been  reported  by  .JLlmand  and  Maddison  (23). 
dissociation  energy  of  32.6  k.cals/mol.  corresponds  to  a  wave-length  of 
about  8,500**.  and  therefore  fluorine  might  have  an  absorption  spectrum  in 
the  very  near  infra-red.  This  is  a  subject  for  experimental  investigation. 

according  to  Bo denote in  et  alia  (5)  there  is  no  thermal  or  photochemical 
reaction  be tweon  hydrogen  and  fluorine  in  a  magnesium  vessel  at  room 
temperature.  This  vessel  gave  a  very  slow  rate  for  the  Hs/Clg  reaction  and 
the"  authors  believed  that  the  walls  of  the  magnesium  vessel  acted  as  very 
cfficiont  chain  breakers.  They  did  observe  reaction  in  a  platinum  vessel 
at  -78  C  end  also  a  slight  photochemical  effect.  These  remarks  core  quoted 
from  Noyes  and  Leighton  (29).  If  the  value, of  D(F2)  =  32.6  k.cals/mol. 
is  correct,  it  mij  ht  be  possible  to  bring  about  the  photoche .nicc.il 
dissociation  of  F2  with  r^d  light  end  this  should  have  a  marked  effect  on 
the  H2/f2  reaction. 
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It  is  possible  to  account  for  the  non-appearance  of  an  absorption 
spectrum  in  the  very  near  infra-red  if  the  first  excited  state  of  the  F2 
molecule  is  either  very  much  above  the  ground  state,  which  is  not  considered 
very  probable,  or  else  is  such  that  transitions  from  the  ground  state  can 
only  occur  with  much  higher  energies  than  32.6  k. cals/mol.  This  would 
require  a  very  steep  repulsion  curve,  or  ono  with  a  very  shallow  minimum, 
for  the  excited  state.  This  is  possible  but  it  must  be  realised  that  the 
absence  of  absorption  in  the  near  infra-red  would  also  imply  that  the  H2/F2 
reaction  cannot  be  photo chemically  sensitised  by  light  of  such  wavelengths. 

It  should  be  possible  to  measure  experimentally  the  thermal, 
dissociation  of  fluorine  from  pressure  changes  as  a  function  of  temperature 
in  a  closed  system,  (c. f .  iodine).  Admittedly,  this  is  experimentally  very 
difficult  but  it  would  give  unambiguous  evidence  if  thermal  dissociation 
were  observed. 

Finally,  it  may  bo  possible  to  get  the  value  indirectly  as  suggested 
by  Gaydon  (6)  e.g. 


Na(s)  +  2F2(g)  *NaP(a)  +  Qi 

NaF(s)  ;  Nap(g)  +  $2 

NaF(g)  5  Na(g)  +  F(g)  +  Qj 

_ »Na(«0  +  04  ^ 


^2(3)  l  F(g)  +  Qi  +  Q2  +  Q3  +  04 


The  data  lacking  are  Qp  and  Q3*  The  measurement  of  Qp  involves  the 
measurement  of  the  vapour  pressure  of  KaF/g\.  This  can  be  done  but  there 
is  some  evidence  that  such  molecules  as  (HaFjg  maybe  formed  which  would 
lead  to  some  ambiguity  in  interpretation  (31).  Q,  could  be  determined 
spectroscopically  e.g.  atomic  fluorescence. 
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APPENDIX 


Sltar  CONVENTIONS  FOR  ^ILiNTITPES 


o 

(a)  The  heat  of  f  oration,  A  Hf,  is  defined  as  the  difference 
between  the  total  heat  content,  H,  of  the  products  and  that 
of  the  reactants  in  their  "standard  states"  as  defined  by 
Lewis  &  Randall  (32). 


A  +  B  >  AB 

the  heat  of  formation  of  the  molecule  AB  is 
i  Hf° (*B)  =Ha  -  (Ha  +  !%) 

It  is  clear  from  this  that  the  heat  of  react iog  Q,  is  equal  to 
-  Hf.  Thus,  the  heat  of  formation  of  HP,  A  Hf  (HP),  is  equal 
to  -64.2  k.  cals/mol.  but  the  heat  evolved  in  the  reaction 

*  HF  +  Q 

is  Q  =  +  64.2  k.cals/mol. 

(b)  The  heat  of  dissociation  of  the  diatomic  molecule  .d. 2 ,  is  written 
D^ig)  and  is  the  energy  required  to  dissociate  this  molecule 
in  its  ground  state  into  atoms  in  the  ground  state;  thus 
D(cl2)  -  58.02  k. cnls/mol.  at  500°K  and  the  dissociation  reaction 
can  be  -written 


CD-2  $  201  -  58.02  k.cals 

(c)  The  the r to dynamic  quantities  refer  to  a  reference  temperature 
of  300°K. 


3.89 
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ADDENDUM 


SUMM&KT 

A  study  of  the  thermal  and  spectroscopic  data  on  thallium 
fluoride  leads  to  the  evaluation  of  D0(F2)  as  *>  32  *  10  kkloals/mol. 


INTRODUCTION- 

The  problem  of  deciding  between  the  two  possible  values  for 
DoCf^)*’  (a)  2*®  eV  (^3.3  k.g^l^/itol'JdefivedifEroa^iiitehsityidaiStfabution  in 
the  F2  continuum,  and  (b)  ~  l.i*.  eV  (  '*,33.  fe.cals/ md.l*.)flerived-efro!n  recent 
spectroscopic  and  thermo chemical  data  on  ClF,  has  been  considered  in 
E.R.D.E.  Tech.  Memo.  No »6/lS/k9}  the  evidence  appears  to  favour  strongly 
the  lower  value. 

Furtaer  evidence  for  D(Fg)  ~  33  Wcala/mol,  can  b.e  obtained  fr.ooii  spectro^pic 
and  thermal  data  on  thallium  fluoride,  TlF,  by  means  of  a  simple 
thermo chemical  cycle. 

Data  on  ^Thallium  fluoride 

The  energy  (h)  levels  of  the  TlF  system  involved  aro  shown  in 
Fig.l. 
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je  Thu  dissociation  energy,  AHq,  for  F2  (  %g)  "*  2p(  p). 
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UNCLASSIFIED 

The  Qf  terms  and  the  S  tern  arc  (-  A  h)  terns,  hoat  liberated  by  the 
aysten  reckoned  positive;  all  the  other  t^rns  arc  (  2  H)  terms,  heat 
absorbed  by  the  systen  reckoned  positive. 

The  sinplest  possible  cycle  based  on  these  TlF  energy  levels 

gives 

D(Tl~F)g  =  iD(F  2)  +  L(T1)  +  QfSt(Tl-F)(7 
i.o,  D(F2)  =  2  D(T1-F)g  -  L(T1)  -  Qfst(Tl-F)g 
New; 

(i)  Do(Tl-P))  the  dissociation  energery  of  Tl-F,  <  4.7  cV(i08  k.cals/mpl)  (1, 2) 

(ii)  L(Tl),  the,  latent  heat  of  3ublination  of  Tl;nct.  =  40  k/aton. 
at  2$Q°K\3) 

(iii)  QFst  (Tl-F)g,  the  heat  of  formation  of  gaseous  Tl-F  from 

standard  state  elements,  at  298°K,  is  not  known.  The  closest 
approach  to  this  term  yet  practicable  corues  from  the  expression 

QfSt(Tl-F)g  =  QfSt (TlF)aq_  -  5(TlF)cryst  -  X(TlF)cryst 


v/hare 

(i)  Lfst(TlF)aa>  "the  heat  of  formation  of  aqueous 
77.5  k.eals/j^Fat  298°K, 


(ii)  S  (TlF) cry st j  the  heat  of  solution  of  crystalline  TlF  in 
water  has  not  been  measured. 


7Je  are  preparing  thallium  fluoride  for  a  direct  determination 
of  S^^'tTlFjcryst.  In  the  meantime  an  estimate  of  the  value 
of  this  term  can  be  obtained  by  analogy  with  the  heats  of 
solution  of , the  other  halides  of  thallium^  and  the  halides 
of  rubidium^1-'  and  caesium^),  jable  I,  (the  corresponding 
salts  of  thallium,  rubidium  and  caesium  show  close  resemblance 
in  physical  properties). 


TABLE  JC 

Heats  of  Solution  (S)  for  MX 


S  for  Lt  (■ 

»  ~ri~'  r  ^ 1  ■  ■“  * 

Rb  j  M’=  Cs 
5.9  l  +  8.5 


4.4  ■*  4.5 


5.9 


6.6 

8.1 


4H298,  k.  csjl  s/mol.  ) 


f 


t 


-  ‘u 

M  =  Tl 

? 

-  10.5 

-  15.7 

-  17.7 


It  see :iis  that  S  (TlF)  will  be  in  the  range  0  ±  5  k.r^ls/mol. 
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UNCLASSIFIED 


(iii)  X (TlF), ,  the  heat  of7suhliaaiaon  of  crystc 
TIP,  =  2^?  Vvcalte/h^:  W  ,298 . 


lline 


Conclusions 

We  have,  thus,  data  of  varying  hut  assessable  accuracy  for 
the  evaluation  of  D(P2)  hy  the  expression 

D(P2)  =  2[D(Tl-P)g-L(Tl)-Qfst(TlP)a(1+s(TlP)ciyst  +  X  (Tlp)ciyst  ] 

The  combined  errors  in  the  evaluations  of  the  L,  S  and  X  ter  as  are 
alaost  certainly  within  the  range  ±  10  kvc als/giol.’-x ( There  j:ar'a‘L  sai&Llr^rrors, 
negligible  in  comparison  with  those  considered  above,  in  the  direct 
combination  of  -  AH298  terms  (L»  Qfj  S  and  X)  withAHo  terms  (d)). 

The  TIP  data  therefore  load  to 

D0  (P2)  *  32  -  10  Dpteals/mol. 
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